Rhumb. - Abstract. -We have used reliable computer simulation techniques and accurate lattice and defect interionic potentials to calculate the binding energies of a range of possible structures for clusters involving two or more dopant cations for NaCI, KC1 and KBr containing Mg2+ and for the NaCl : BaZt system. Aggregation mechanisms involving both nn and nnn dipoles have been considered and the relative importance of alternative pathways examined. We also report results obtained using Born-Model lattice energy techniques on the energetics of metastable Suzuki-phase precipitation in these systems.
1. Introduction. - We present results of a theoretical survey of the aggregation of impurity-vacancy dipoles in alkali-halides doped with divalent cations. This has been undertaken to help resolve difficulties in the analyses of conductivity data [l-31 and thermal depolarization experiments [4, 51 and because of the inherent interest in the kinetics of decay of these dipoles [6-101 and in precipitation in these systems [I 1-141. Our study includes calculations of the energy of the metastable Suzuki phase precipitates. A theoretical survey of this type is necessary in view of the complexity of these aggregation processes and because previous theoretical studies in this field [8, [15] [16] [17] [18] [19] used methods and lattice potentials which have since been shown to be inadequate.
2. Method and potential. - The energies of the defects were calculated using the HADES program [20] which employs a generalized and automated Mott-Littleton procedure [21] . The effect of changing the number of ions in region I, which immediately surrounds the defect, was investigated and it was found to be adequate, even for the largest aggregate studied, if 171 sites were treMed explicitly. The lattice energy of the Suzuki phase was calculated using the PLUTO [22] program and the unit cell was given the same lattice constant as that of the host crystal. The potentials have been listed previously [23] .
3. Stability of aggregates. - We shall compare the energies of the aggregates with those of both isolated impurity ions and vacancies and also with those of the various combinations of dipoles from which the aggregates may form. Thus in table I we give the calculated defect energies for these possible component species : U," is the energy to remove a cation from the perfect crystal to infinity; U(M2+) is the energy of a dopant ion on a substitutional cation site ; Ual is the defect energy of a (I 10) nn vacancy-impurity ion complex and U,, that of a (200) nnn complex with AUal and AUa2 being the energy changes accompanying the formation of these dipoles from their isolated constituents. The trend evident here i.e. that the nn complex is more strongly bound for the larger impurity ions in a given host while the nnn complex predominates for the smaller substitutional ion, has been found to extend to the full range of systems for which calculations have been made [23] .
The structures for which defect energies are reported here are illustrated in figure 1 and the calculated energies U(x) are listed in table 11. The estimation of the energy changes AU(x) on the formation ofa cluster x is made by comparing this defect energy with that of the isolated dopant ions and vacancies involved in its
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1980618 .Not minimized correctly due to excessive displacement of the Na+ ion which is in nn position to the three vacancies. of formation of the cluster per vacancy-impurity ion pair which it contains. The most striking feature of these results is that the preferences evident in the formation of nn as against nnn dipoles, as seen in table I and to which we have already referred, are more pronounced in the formation of the aggregates.
The changes in energy which occur as the dipoles aggregate are given in table IV where the defect energies of the aggregates (a)-(j) are compared with those of their precursors. Dimers are taken to form from the relevant dipoles but for the higher aggregates the energy changes are given for formation both from 1 isolated dipoles and from possible intermediates formation. If n, is the number of vacancies or impurity ions in the cluster then Table I11 gives the values of AU(x)/n, i.e. the energy where these energies have been calculated. We may now use the results of tables I11 and IV to predict the likely fate of either nn or nnn dipoles in these systems but it should be emphasized that the actual aggregation behaviour in any particular case will depend on the relative concentrations of these dipoles initially present. If we consider magnesium as dopant then the nn dipoles are most likely to aggregate first to the dimer (d) and hence to the hexagonal trimer on the (1 11) plane (e) [15] .
For the ~g~+ ion aggregates studied here the existence of this aggregation pathway for the nn dipoles is vital since no other cluster (with the possible exception of the linear dimer (c) which is marginal) was found to be more stable than the isolated dipoles.
For the NaCl : Ba2+ system, where nn dipoles are expected to predominate (cf. Table I), the trimer is even more stable but now the formation of the nn dimer (a) oriented in the (100) plane becomes a competing process and would ultimately result in the (100) trimer (g) which is now also found to be stable.
The nnn dipoles in the Mg2+ doped systems were found to show a progressive stabilization as a result of aggregation through the nnn dimer (b) to the tetramer (j). The addition of a third dipole to this dimer results in either the planar trimer (f) or the outof-plane trimer (h) which are of comparable energy. The sequential addition of further nnn dipoles would lead to the formation of a Suzuki phase the stability of which we will consider in the next section. It is noteworthy that in the NaCl : Ba2+ system the same sequence of stabilities is evident for any nnn dipoles present although magnitudes of the energy changes are markedly less favourable than in the Mg2+ systems. phase. This presents an energy barrier which must be overcome so long as the matrix-Sumki phase interface remains coherent. In fact, nucleation is observed to Reply. -J . CORISH. take place heterogeneously, along dislocations, etc., and the interface eventually loses coherency by shear. No, we start with the superlattice cell and allow the ions to relax to their equilibrium positions during -J. COR1sH. the calculation.
Your presumption is quite correct.
